-2 -relativity still stands practically untested in the strong-field regime to date (Psaltis 2008, Liv. Rev. Rel., 11, 9) .
Black holes provide a highly-relativistic environment and a unique laboratory to study some of the most extreme curvature scales in the universe. In this thesis, I create two frameworks for testing general relativity in the strong-field regime with observations of black holes in the electromagnetic spectrum using current or near-future instruments.
In the first part of this thesis, I design tests of the no-hair theorem with observations of black hole accretion flows. According to the no-hair theorem, black holes in general relativity are uniquely characterized in terms of their masses M and spins a and are described by the Kerr metric (e.g., Heusler 1996, Black Hole Uniqueness Theorems, Cambridge Univ. Press). Initially, I investigate a quasi-Kerr metric (Glampedakis & Babak 2006, Class. Quantum Grav., 23, 4167) , which contains an independent quadrupole moment in addition to mass and spin and which is valid for small to moderate values of the spin.
If the no-hair theorem is correct, then any deviation from the Kerr metric has to be zero. If, however, a nonzero deviation is detected, there are two possibilities. Either, the compact object is not a black hole (Collins & Hughes 2004, Phys. Rev. D, 69, 124022; Hughes 2006, AIP Conf. Proc., 873, 233) or general relativity is only approximately valid in the strong-field regime (e.g., Yunes & Pretorius 2009, Phys. Rev. D, 79, 084043) . In this interpretation, if the object is otherwise known to possess an event horizon, both the no-hair theorem and strong-field general relativity are invalid.
Other parametric deviations from the Kerr metric have been developed (e.g., Manko & Novikov 1992 , Class Quantum Grav., 9, 2477 Collins & Hughes 2004, Phys. Rev. D, 69, 124022; Yunes & Pretorius 2009, Phys. Rev. D, 79, 084043; Vigeland & Hughes 2010, Phys. Rev. D, 81, 024030; Vigeland et al. 2011, Phys. Rev. D., 83, 104027) , most of which aim to test general relativity with observations of gravitational waves from extreme mass-ratio Third, I analyze the prospects of using observations of relativistically broadened iron line profiles to test the no-hair theorem. I simulate iron line profiles over the entire range of spins and demonstrate that deviations from the Kerr metric lead to shifts of the measured flux primarily at high energies as well as in the low-energy tail of the line profiles. I show that these changes can be significant and estimate the required precision of future X-ray -5 -missions in order to be able to test the no-hair theorem with fluorescent iron lines for disks of different inclinations (Psaltis & Johannsen 2012, ApJ, 745, 1; Johannsen & Psaltis, arXiv:1202.6069 ).
In the second part of this thesis, I obtain constraints on the size of extra dimensions from the orbital evolution of black-hole X-ray binaries in Randall-Sundrum type braneworld gravity (Randall & Sundrum 1999, Phys. Rev. Lett., 83, 4690) , a string theory-inspired solution of the so-called hierarchy problem. In this model, black holes are unstable (Tanaka 2003, Prog. Theor. Phys. Suppl., 148, 307) and can evaporate into the extra dimension at cosmologically relevant timescales (Emparan et al. 2003, JHEP, 0301, 079) . 
